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Summary 


A  group  of  nuclear  submariners  was  studied  to  examine  wither  an  18-h  routine  imposed  by  A 
watch-standing  schedule  of  6-h  on,  12-h  off  during  a  prolonged  submerged  patrol  affected  the  ?4-h 
circadian  rhythm  in  oral  temperature,  Thayer's  activation.  Mood  'Activity*  and  Mood  " Happi nes s . “ 
The  submari ners  -ere  observed  during  three  sections  of  the  pa’rol  Phase  1*  the  beginning  8-day 
period.  Phase  ?.  the  middle  of  the  voyage,  and  Phase  J.  the  lest  7-8  day  period  of  the  10-we^k 
voyage  The  group-synchronised  24-h  rhythm  in  oral  tempera'jre  disappeared  during  Phase  3  The 
group-s vnehronised  2*-h  rhythms  in  Thayer'S  activation  a^o  in  Mood  “Activity*  and  “Happiness"  dis¬ 
appeared  during  Phases  2  and  3.  A  group-synchroni zed  13-h  rhythm  was  not  produced  in  any  of  the 
variables  in  any  Phase  Of  this  study,  excep*  '  M  during  Phase  2  Periodicity  analysis  of  individ¬ 
ual's  data  showed  that  a  loss  of  2t-h  rhy’.hricity  in  ora>  tempera  ture  was  due  not  only  to  reduced 
circadian  amplitude  but  also  to  a  dispersion  of  TOPS  Loss  of  2$»h  rhythm  in  "Activation." 

“H*pp  ness,*  and  “Activity*  was  predominantly  due  to  a  wider  dispersion  of  "QPs  The  18-h  routine 
did  appear  to  exert  a  small  modulating  effect  on  rhy«.*s»ic  activity  in  the  variables  examined  in 
this  study. 

Since  the  sleep-waketulness  cycle  was  well  entrelneu  by  the  13-h  routine,  the  submariners  ex¬ 
perienced  a  spontaneous  internal  desynchroni zation  between  the  activity  cycle  on  the  one  hand  and 
the  cycles  of  oral  temperance  ard  psychological  states  cn  the  other  The  performance  and  health 
consequences  o'  this  chronic  dyschromsm  have  yet  to  be  explored  We  suggest  further  research  to 
determine  the  usefulness  of  an  index  of  synchron izati jr.  among  the  physiological  and  psychological 
variables,  and  the  relations! ip  of  the  desynchronizing  effects  to  performance 
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This  study  attempts  to  determine  whether  an  artificially  created  short  day  of  18-h  length  dis¬ 
rupts  the  circadian  rhythms  of  oral  temperature  and  “Activation,*  “Activity,"  and  "HapMni-ss"  as 
determined  by  a  brief  adjective  checklist.  The  artificial  le-h  day  results  from  the  unique  6-h  on, 
12-h  o*f  watch-keeping  system  employed  on  y.S.  Savy  nuclear  submarines 

Submariners  in  the  U.S  nuclear  fleet  are  "shift-workers”  who  live  under  the  strong  artificial 
zeitgeber  of  an  18-h  watch  schedule  for  up  to  ten  weeks  during  continuously  submerged  voyages  Pre¬ 
viously  Scnaefer,  Kerr,  Buss  and  Haus^.  and  4aus  (personal  communication)  have  snown  that  the  cir¬ 
cadian  rhythms  of  body  temperature,  pulse  ratf,  and  respiration  rate  of  submariners  were  disrupted 
by  living  under  6-h  on,  12-h  off  watched  schedules  (an  18-h  day)  Colquhoun.  Paine,  and  Fort^*^ 
reported  0"  the  circadian  rhvtho  o*  body  t**n*r»*ur*  of  British  submariner^  who  stood  4-“  warrhes 
in  a  rapidly  rotating  cycle  during  a  48-d  continuously  submeiced  patrol  They  observed  that  the 
amplitude  Of  the  Circadian  rhythm  of  body  temperature  declined,  and  only  one  of  eight  submariners 
examined  in  their  study  maintained  a  strong  circadian  rhythm 

Our  study  was  concerned  with  a  small  population  of  unique  sh 1  ft -workers  Although  the  shift 
.outine  studied  is  unique  to  the  submarine  service,  these  data  should  provide  new  information  about 
the  effects  of  evtremely  short  "days"  on  the  circadian  rhythms  of  oral  temperature  and  psychologi¬ 
cal  states  when  men  work  under  unbroken,  rapidly  rotating  shift-work  schedules  for  a  prolonged  time 
Our  study  intends  to  follow-up  and  reexamine  the  findings  of  Schaeie’  et  al  by  obtaining  a 
new  set  of  data  from  submariners  who  lived  in  a  comparable  environment  where  two  conflicting  zeit¬ 
geber;  w*re  operating  the  ?4-h  socia'  and  meal  timing  schedule  and  the  18-h  watch  scredule 
Special  attention  was  paid  to  an  observation  by  Schaefer,  et  al  ,  which  suggested  a  possible  en¬ 
trainment  of  physiological  functions  by  the  18-h  watch  schedule  Entrainment  to  this  schedule  is 
interesting  in  view  of  the  usually  narrow  range  of  entrainment  for  piy»1ologic*l  functions  ' 

MATERIALS  AND  WEThOOS 

All  submariners  were  adapted  to  the  local  time  of  the  submarine  base  before  the  start  of 
patrol.  In  the  submarine,  four  weals  were  provided  breakfast,  lunch,  dinner  and  a  lunch-like 
midnight  meal  Shipboard  life  was  paced  by  the  watch-standing  schedule,  but  random  events,  such 
as  "all  hands"  drills  and  "field  days"  (housekeepir.g/cleamng) ,  affected  the  work/rest  schedule. 

Subjects .  The  subjects  of  this  study  were  fifteen  submariners,  including  four  U  S  Naval 
Academy  midshipmen,  average  of  22.9  ♦  4.4  (standard  deviation)  years  (range  from  20-35)  lhis 
group  of  submariners  wa»  part  of  the  crew  taking  part  in  the  standard  deterrence  patrol  of  a  fleet 
Ballistic  Missile  (>8N)  submarine  for  a  ten-week  continuous  submergence.  The  average  number  of 
the  previous  patrols  experienced  by  this  group  was  ?.l  ♦  2.8  Additional  details  of  the  subjects 
in  this  study  are  given  in  Table  1. 


Table  1 


Oenographic  Information  about  Submariners  in  This  Study 


ibject 

Rating 

Age 

Years  in 
Submarine 
Service 

Number  of 

Previous 

Patrols 

Sick 
Cal  1 1 

1* 

ET3 

21 

2 

0 

2 

2* 

RHC 

35 

15 

10 

2 

3* 

$N 

20 

1 

1 

4 

4 

5K3 

23 

2 

4 

4 

S 

HID'N** 

20 

0.5 

0 

0 

6* 

RH2 

23 

2 

3 

3 

7 

HID’N** 

21 

0  5 

0 

0 

8* 

SK3 

21 

1 

2 

i 

9* 

ET3 

21 

0.5 

0 

0 

10* 

QM3 

22 

l 

2 

1 

U 

HID'N** 

20 

0.5 

0 

0 

12 

HID'N** 

20 

0.5 

0 

0 

13 

SN 

21 

1 

2 

0 

14 

STS-1 

31 

12 

6 

1 

15 

ET3 

24 

0.5 

1 

1 

Average 

22.9 

2  7 

2.1 

1.5 

SD 

4.4 

4.8 

2.8 

1.6 

Range 

20-35 

0.5-15 

0-10 

0-4 

•Participated  in  all  three  data  collection  periods  (Phases) 

**U.$.  Naval  Academy  Midshipman 

Out  of  fifteen  submariners,  only  seven  (subject  nos.  1,  2,  3,  6,  7,  9  and  10)  were  observed  in 
all  three  Phases  (monitoring  periods)  of  this  study. 

Data  Collection  Protocol.  Phase  1,  the  first  data  collection  period,  started  shortly  after 
departure  of  the  submarine  for  patrol.  It  continued  for  eight  days,  corresponding  to  Oays  4-11 
of  *he  patrol,  to  catch  any  early  changes  in  physiological  and  psychological  states  due  to  living 
under  the  18-h  watch  schedule.  Phase  2.  the  second  data  collection  period,  started  on  the  34th  day 
of  the  patrol,  and  it  lasted  for  7  or  8  days,  covering  days  34  -  41  (or  42)  of  the  patrol.  Phase  3 
the  third  data  collection  oeriod,  was  a  period  near  the  end  of  the  patrol,  days  60  -  67  Nine  days 
of  post-patrol  data  were  obtained  from  a  separate  group  of  submariners  a  month  after  the  end  of  the 
patrol . 
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For  each  day  of  all  Phases.  oral  temperature  (Celsius),  and  nood-«.vject i ve  ch*»ckl ist  estloates 
of  'Activation,*  “Activity.-  and  -Happiness*  (to  be  described  later)  were  obtained  every  three 
hours  when  the  men  were  awake.  Data  collections  were  scheduled  at  0100,  0400,  0700.  1000.  1300. 
1500,  1900  and  2200.  Urine  samples  were  taken  for  assays  of  urinary  catecholamines,  but  we  did 
not  analyte  these  data. 

Personal  Activity  i og.  To  examine  work. rest  patterns,  activation,  and  moods,  subjects  filled 
out  the  'Personal  Activity  log*  developed  at  the  Naval  Sjboarine  Medical  Research  Center  by  Beare 
et  al/  (Figure  1). 


eXKT  Xl  Vti*lty  Record  ACT IV  IT*  LOG 


Figure  1 


Each  page  of  the  log  book  contains  three  parts.  Part  1  is  a  2<-h  activity  record,  consisting 
of  eight  rows  on  the  top  of  the  page.  Submariners  indicated  what  they  had  been  doing  by  drawing  a 
line  in  one  of  the  appropriate  rows:  standing  watch,  performing  additional  duty,  studying,  etc 
Part  II  is  a  set  of  five  questions  about  sleei  quality  and  feeling  upon  awakening  Part  III  used 
the  Stanford  Sleepiness  Scale. A  description  of  the  quantity  and  regularity  of  sleep  is  reported 
elsewhere/  The  middle  of  the  log  is  a  list  of  fifteen  adjectives  taken  from  the  work  of  Rynan, 
Biersner  and  La  Rocco^,  and  Thayer**  to  measure  moods.  Mood  "Happiness*  (HH)  was  eeasureo  by  the 
subject's  description  of  Ms  present  feelings  by  choosing  one  of  the  four  response  categories  for 
each  of  seven  adjectives:  contented .  calm,  steady .  happy,  satisfied ,  good,  and  pleased  Mood 
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"Activity"  (KA)  mas  similarly  seasured  by  six  adjectives  lively,  active,  energetic,  cheerful, 
vigorous,  and  alert.  Thayer's2^  Activation  scale  (TA)  was  used  to  measure  subjective  feelings- 
of-be ing-act i ve  by  six  adjectives  1 1 vel y ,  active,  energetic,  vigorous  ,  act i vated  .  and  nappy 
The  HA  and  TA  scales  share  four  adjectives,  and  thus  are  highly  correlated 

Subjects  were  instructed  to  complete  the  activity  record,  Stanford  Sleepiness  Scale  (SSS),  and 
the  nood  scale  before  retiring  to  a  sleep  period  Upon  awakening,  they  completed  the  sleep  qual¬ 
ity  questions  and  the  aood  scale.  Two  additional  sleep  qual’ty  questions  sets,  and  four  additional 
sets  of  the  nood  scale  are  printed  on  the  back  of  each  Personal  Activity  Log  page  for  use  in  the 
(usual )  event  that  nore  than  one  sleeo  period  was  taken  in  ?4-h 

Anal yses.  In  analyzing  the  si eep-wakeful ness  cycle,  an  inter-sleep  interval  or  an  inter-wake 
interval  can  be  used  The  inte*-s1eep  interval  is  the  time  elapsed  between  one  sleep  onset  to  the 
onset  of  the  next  sleep  period.  The  inter-wake  interval  is  similarly  defined  Variability  in  the 
inter-sleep  intervals  can  be  used  to  express  stability,  or  the  relative  strength,  or  periodicity 
in  si eep-wakefulness  data  the  smaller  the  variability,  the  stronger  will  be  tne  rhythmicity 
Analysis  based  on  the  inter-sleep  inte-val  cannot  specifica’ly  reveal  the  strength  of  -•any 
rhythm  components  in  data.  Thus,  a  different  analysis  was  used  in  this  paper.  Each  30-ninute 
epoch  of  the  24-h  day  was  categorized,  on  the  basis  of  entries  in  the  Personel  Activity  tog,  as 
e‘*her  awake  or  asleep.  Awake  epochs  were  coded  by  one’s,  and  sleep  epochs  by  zero's  Then,  an 

autocorrel at  ion  function  was  determined  for  this  string  of  1  s  and  zero's,  using  33  of  the  dat* 
l*ngtn  as  the  maximal  lag.  The  autocorrelation  function  used  was  a  cosine  wave  which  enhanced 
the  periodicity  in  the  original  sleep-wakefulness  data. 

In  order  to  numerically  extract  periods  and  strengths  of  the  rhythm,  a  non-orthogonal  "cosine 
transform"  was  applied  to  the  autocorrelation  function  To  complete  a  "cosine  transform,"  forty- 
five  cosine  waves,  whose  periods  were  pre-selected  to  vary  fro1*  360  mm  (6-M  to  1630  mm  (28-h) 
in  incremental  steps  of  30  min,  were  generated  by  a  computer  Then  a  Pearson  product-moment  cor¬ 
relation  C r )  was  calculated  between  the  autocorrelation  function  and  each  of  these  cosine  waves 
Each  of  the  correlation  coefficients  was  squared  (r2)  to  express  the  percentage  of  variance  in 
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the  autocorrel a t ion  function  accounted  for  by  the  cosine  wave  of  a  given  period  This  r  value 
indicates  the  strengtn  of  the  rhythm  in  the  sleep-wakefulness  data  at  the  period  of  the  cosine 
wave  used  Th“  maximal  r2  possible  is  l .00.  while  an  r2  approaching  zero  indicates  little  or  no 
rhythm 

Cosine  waves  of  pre-selected  periods  were  directly  fitted  to  the  individual's  data  for  each  of 
three  Phases  to  determine  the  period  and  strength  of  rhythms  in  oral  temperature  and  subjective 
feelings  of  each  nan.  The  data  were  scanned  to  determine  whether  they  exhibited  rhythmic  activity 
at  twenty  pre-selected  periods.  8-h/c.  12-h/c,  16-  to  ?8-h/c  in  one-hour  intervals,  and  32-  and 
48-h/c  in  four-hour  intervals.  The  fit  of  each  cosine  wave  >ields  amplitude,  acrophas*  angle  or 
♦ime-of-Peak  (TOP),  and  r2 ,  Again,  the  value  r2  expresses  the  percent  of  the  variance  *n  the  data 
which  can  be  accounted  for  by  the  cosine  wave  fitted  The  mathematical  basis  of  fitting  cosine 
waves  to  the  data  has  been  discussed  by  Halberg,  Tong,  and  Johnson**,  and  Nelson,  Tong,  lee,  and 
Ha  1  berg*  2 
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Colquhoun  et  al.^  observed  that  »he  method  of  fitting  a  sirgle  cosine  wave  b*camp  progressive! v 
less  appropriate  for  British  submariners  who  lived  in  the  community  o*  the  submarine,  cut  off  from 
natural  24-h  zeitgebers.  They  reported  that  the  use  of  two  cosine  waves,  one  with  a  24-h  period 
ana  another  with  a  12-h  period,  improved  the  representation  of  circadian  waveform  in  both  tem¬ 
perature,  especially  the  estimation  of  TOP.  A  similar  bismusoida!  (un-wave)  analysis  was  pro¬ 
posed  by  Saitoh,  lubin  and  Colquhoun16,  In  the  present  study,  two  cosine  wav*s,  each  having  a  dif¬ 
ferent  period,  were  fitted  to  the  data.  Unlike  tie  “combined  curve"  of  Colquhour  et  al.^,  however, 
we  fitted  all  possible  combinations  of  the  twenty  preselected  per'ods.  Altogc^h^r  190  bismus- 
oisal  waves  were  fitted  to  data  obtained  at  each  Phase  for  each  submariner  The  best  #ittmq  com¬ 
bined  curve  was  defined  as  that  which  achieved  the  largest  r^  value  The  program  for  fitting  the 
cosine  waves  was  written  in  fortran  IV,  and  executed  by  an  IBf  370  computer 

$0  far,  we  have  described  the  analysis  of  rhythms  in  individuals  data  To  find  th *  qrpup- 
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synchronized  rhythm,  the  gro jp-mean-cos inor  method  ’  *  was  used  'his  method  summarizes  and  de¬ 
termines  an  inferential  statist. cal  value  from  the  amplitudes  and  acrophase  angles  of  grouped  data 
In  a  cosinor  plot,  when  a  SO*  or  95’  confidence  ellipse,  defined  by  a  group  of  the  paired  values 
of  aaplitude  and  acrophase  angle,  docs  not  overlay  the  pole,  it  indicates  that  a  significant  rhy 
thoic  component  at  either  the  105  or  5  level  of  significance1  or  bet’er  was  found  for  ,he  group 
Tne  group-meam-cosinor  analyse  (GKCA)  evaluates  pairs  of  amplitude  and  acrophase  angles  simul¬ 
taneously  (as  vectors)  to  determine  the  statistical  significance  of  th*  rhythmic  exponents  It 
does  not  Independently  evaluate  whether  the  amplitudes  were  changed  for  a  significant  majority  of 
submariners,  or  whetner  the  acrophase  angles  were  the  only  aspect  of  the  ihythm  altered  To  evalu¬ 
ate  the  change  in  the  circaolan  amplitude  of  the  group,  a  t-test  for  correlated  means  was  used 
The  Rayleigh  test  for  directional  data  as  described  by  Batscheiet* ' 3  was  employed  to  evaluate  the 
change  <n  a  group  of  acrophase  angles. 


RESULTS 

S leep-Wafcefulness  Cycle  During  the  Patrol.  Figure  2  shows  each  day  (activity  Cycle)  appearing 
below  the  last.  The  bars  represent  periods  of  wakeful  ess  (black)  and  sleep  'white)  The 
"objective”  day  is  usually  defined  as  one  waxe  period  followed  by  one  ,1eep  period  A  temporally 
correct  redrawing  (see,  for  exarple,  Wevcr  ,  p.  61)  was  not  made  for  this  Figure  so  that  one 
"wake-sleep"  cycle  may  have  more  than  one  sleep  episooe.  The  X-axis  of  the  diagram  consists  of 
four  cycles  of  24-h  to  show  the  shifting  of  the  objective  day  due  to  tne  18-h  routine.  The  data 
in  Figure  2  was  taken  from  submariner  No.  14  during  Phase  1  c*  the  patrol  His  sleep  patterns  dur¬ 
ing  Phase  1  are  given  in  the  insert.  He  slept  an  average  of  8  03  ‘•ours  per  ?4»h  perioo  Average 
duration  of  each  sleep  episode  wa>  4  72  hours,  and,  on  the  average,  he  slept  1  71  times  per  24-h 
period  Figure  2  shows  a  pronounced  13-h  sleep-wakefulness  rhythm,  in  spite  of  the  frequent  nap¬ 
ping. 


Unless  specified  otherwise,  significance  in  the  oresent  p*p*r  refers  to  at  least  ST  level, 
two  tails. 


CLOCK  TIME 

0  >2  24  12  24  12  24  12 


Figure  2 


During  Phase  1,  eleven  of  the  15  subjects*  logs  provided  sufficiently  detailed  data  for  analy¬ 
sis  of  the  sleep-wakefulness  cycle.  The  average  sleep-wakefulness  cycle  during  Phase  1  had  a  1113 
nin  {roughly  18.5-h)  period  with  an  r 2  of  0.677  ♦  0.162  Si*  of  these  P  subjects  also  exhibited 
a  secondary  rhythmic  cooponent.  Its  average  period  was  1516  min  (rougMy  25  3-h)  with  an  r 2  of 
-  ?40  ♦  c  0**91 

During  Phase  2.  eiqht  of  the  15  oen  provided  sufficiently  detailed  log  data  for  analysis  of 

2 

the  sleep-wakefulness  cycle,  ’he  average  period  was  1121  ein  (roughly  18.7-h)  with  an  r  of  0  666 
♦  0  285  Four  of  these  eight  submariners  also  showed  a  secondary  pear  at  an  average  period  of 
1500  min  (25-h)  with  an  average  r  of  0.271  ♦  -.140. 

In  Phase  3.  seven  of  the  15  oen  provided  sleep-wakefulness  data.  The  average  *'  cc*i-*akef’jl  ness 
cycle  had  a  period  of  1144  min  (roughly  19.1-h)  with  an  r2  of  0.733  ♦  0.109.  Orly  two  of  these 
oen  had  a  secondary  peak  one  at  16C5  oin/cyde  (26.75-h)  and  another  at  an  extremely  short  cycle 
Of  630  min  (10.5-h). 

During  the  post-patrol  phase,  a  return  to  normal  habitual  patterns  of  sleep-wakefulness  was 
observed.  Only  six  of  the  original  15  subjects  returned  Personal  Activity  Logs  which  allowed  cal¬ 
culation  of  the  sleep-wakefulness  cycle.  Five  of  these  six  showed  the  expected  pattern  an  aver- 
.je  period  of  1446  air.  (roujMv  . I -h )  «fth  en  .ver.pe  r 2  of  0  976  «  0.075  Thet  1$.  93i  of  the 
variance  in  their  sleep-wakefulness  cycle  could  be  accounted  for  b>  the  24.1  rhythm  One  man 
(a  Midshipman)  did,  however,  show  an  inusual  sleep-wakefulness  cycle  a  mixture  of  720  min  (12-h, 
r 2  •  0.501)  and  of  1500  min  (25-h,  r2  •  0.408)  periods. 

Oral  Temperature:  Figure  3  shews  chronograms  of  oral  temperature  from  subject  No.  1  on  the 
left-hand  side,  and  plexograas  of  the  same  information  on  the  right-hand  side  The  chronograms 
display  oral  temperature  readings  over  time  of  day  for  up  to  8  consecutive  days  during  Phases  1, 

2,  and  3.  The  plexograas  display  the  saoe  data  collapsed  into  a  single  24-h  period.  Ignoring 
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the  day  of  data  collection.  The  plexograms  were  developed  on  the  basis  of  Buys-Ballot  tables 
(Enright7;  Orth,  Besser,  King,  and  Nicholson'8). 


PHASE  1 


ORAL  TEMPERATURE 


ORAL  TEMPERATURE 


ORAL  TEMPERATURE 


Figure  3 

The  plexograms  appear  to  show  the  typical  early  morning  circadian  "dip"  In  oral  temperature  during 
Phase  1  only. 

Tables  2A  and  2B  present  the  basic  observation  of  this  study.  The  top  half  of  Table  2A  shows 
the  amplitudes  and  TOP’S  (the  time  of  day  corresponding  to  the  calculated  acrophase  angle)  of  the 
24-h  rhythmic  component  in  oral  temperature  of  fifteen  submariners. 

A  treatment  by  subjects  analysis  of  variance  showed  that  the  24-h  amplitudes  of  oral  tempera¬ 
ture  in  Phases  1  (0.29°C)  and  2  (0.25°C)  did  not  differ  significantly  (F  <  1).  The  mean  oral  tem¬ 
perature  increased  slightly,  from  36.89<>C  in  Phase  1  to  37.03°  in  Phase  2  (F(l  ,11  )  *  10.92,  p 
.01).  For  the  seven  men  participating  in  all  three  Phases,  the  24-h  amplitudes  averaged  0.30°, 
0.22°,  and  0.19°  in  the  respective  periods.  This  apparent  decrease  is  marginally  significant 
{ ( F ( 2 , 1 2 )  *  3.05,  p  <  .10).  For  these  men,  the  mean  oral  temperature  Increased  steadily  during 
the  patrol,  going  from  36.97°  to  37.06°  to  37.19°C  (F(2,12)  ■  10.72,  p  <  .01). 
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TABLE  2A  24-h  rhythm  characteristics  of  submarines  during  a  ten-week  long  patrol  under  18-h  witch  schedule. 


PHASE  1  Hd-I  Id) 

PHASE  2  (344-424) 

PHASE  3  (SOd-67 d) 

SUAi 

AMP 

TOP 

MEAN 

5D 

AMP 

TOP 

MEAN 

SD 

AMP 

TOP 

MEAN 

SO 

ORAL  TEMPERATURE 

1* 

0.30 

2023 

37  19 

0.66 

0.33 

13.02 

37  42 

0.54 

0.19 

01:26 

37.58 

0.29 

2* 

0.33 

21  45 

36.88 

0.39 

0.02 

14:42 

36  99 

0.42 

0.09 

09:11 

37.09 

0.23 

3* 

0.23 

20  25 

37.35 

0.53 

0.26 

17  07 

37  43 

0.38 

019 

04:24 

37.49 

0.35 

4 

0.03 

09  36 

36.93 

0.58 

0.16 

14  44 

37.08 

0,45 

— 

— 

-- 

5 

0.52 

19  25 

36.71 

063 

0.23 

21.50 

36.73 

0.62 

— 

— 

— 

— 

6' 

0.18 

18  48 

36.95 

051 

018 

18  43 

36  89 

0.52 

0.13 

11:23 

37.10 

0.30 

7 

0.27 

01  55 

36.40 

056 

0.36 

20:57 

36.90 

0.48 

— 

— 

— 

— 

8* 

0.41 

22  26 

36.97 

0.50 

0.36 

13  55 

36.96 

0.40 

0.18 

05:35 

36.91 

0.34 

r 

0.32 

19  45 

36.60 

060 

0.30 

20.04 

36.70 

0.46 

0.37 

22:42 

36.97 

0.39 

10* 

0.33 

21  29 

36  84 

0.69 

007 

06  11 

37  04 

0.36 

0.19 

19:52 

37.17 

0.26 

ii 

0.30 

19  54 

36.76 

0.54 

061 

20  21 

36.90 

0.61 

— 

— 

— 

— 

12 

031 

21  27 

37  15 

0.46 

016 

07  04 

37.33 

0.55 

— 

— 

— 

— 

13 

_ 

_ 

_ 

_ 

_ 

_ 

— — 

— 

0.25 

17:52 

36.94 

042 

14 

_ 

_ 

_ 

_ 

_ 

_ 

— 

_ 

0.34 

12:06 

36.95 

0.40 

15 

— 

— 

— 

— 

— 

— 

— 

— 

0.17 

14  01 

36  89 

0.33 

Mean 

029 

36  89 

0.25 

37.03 

0.21 

37.11 

so 

012 

0.26 

016 

0.25 

0.09 

0.24 

THAYER'S  ACTIVATION  (TA) 

I* 

017 

17  26 

142 

0.37 

0.07 

09  46 

1.51 

0.37 

0.17 

20:42 

1.43 

0.27 

2* 

035 

22  09 

230 

1.14 

0.14 

11:35 

2.11 

0.60 

0.09 

06  38 

2.25 

0.44 

3* 

0.08 

1000 

2.03 

0,38 

0.10 

06  42 

202 

0.39 

0.19 

08:18 

2.04 

0.25 

4 

017 

00  42 

1.96 

0.46 

0.13 

15:35 

1.74 

0.29 

— 

— 

— 

— 

5 

0.22 

01  04 

2.31 

047 

0.16 

05  42 

2.15 

0.30 

— 

— 

— 

— 

6* 

0.10 

20  08 

2.12 

068 

0.38 

18:35 

3.11 

0.74 

0.36 

1202 

3.22 

0.60 

7 

0.28 

19  37 

1.76 

0.35 

0.34 

18  58 

1.82 

0.44 

— 

— 

— 

— 

8* 

0.34 

23  04 

2.01 

0.64 

0.19 

04.40 

1.97 

0.46 

0.27 

08:07 

2.23 

0.57 

9* 

0.23 

1909 

208 

0.57 

0.29 

18  24 

2.20 

0.53 

052 

23:46 

2.24 

0.58 

10* 

010 

18  16 

296 

0.45 

0.18 

21  53 

2.57 

0.47 

026 

21:59 

2.79 

0.54 

11 

008 

1842 

2.04 

0.27 

0.07 

02  37 

1.93 

0.21 

— 

— 

12 

0.06 

12:38 

2.59 

0.71  - 

0.42 

01  53 

2.43 

0.59 

— 

— 

— 

13 

_ 

_ 

_ 

— 

— 

— 

— 

— 

0.22 

13:18 

2.77 

0.46 

14 

_ 

_ 

_ 

_ 

— 

— 

— 

— 

0.34 

1842 

2.52 

0.61 

15 

_ 

_ 

_ 

_ 

_ 

_ 

- , 

— 

0  24 

12  10 

1.91 

0.87 

Mean 

018 

2.13 

0.21 

2.13 

0.27 

2.34 

SO 

0.10 

0.39 

0.12 

0.42 

0.12 

0.51 

TABLE  2B  24-h  rhythm  characteristics  of  submariners  during  a  ten-week  long  patrol  under  IB-h  watch  schedule. 

PHASE  1  («d-t Id)  PHASE  2  (34d— 42d)  PHASE  3  <60d-E7d) 


SUAJ 

AMP 

TOP 

MEAN 

SO 

AMP 

TOP 

MEAN 

SO 

AMP 

TOP 

MEAN 

SO 

MOOD 

"ACTIVITY" 

1* 

020 

19  06 

1.77 

0.48 

0.1 1 

09  14 

1.85 

0.49 

0.28 

20:58 

1.75 

0.39 

2* 

0.30 

21  43 

264 

092 

0.07 

15:17 

2.38 

0.58 

0.16 

05:23 

2.52 

039 

3* 

0.10 

1222 

2.64 

0.47 

0.17 

08:53 

2.43 

0.33 

0.26 

08:20 

2.56 

0.37 

4 

0.19 

00  28 

1.86 

0.45 

0.10 

15:53 

1.77 

0.28 

— 

— 

— 

_ 

5 

0.22 

00  42 

2.46 

0.41 

0.14 

05:42 

2.22 

0.26 

— 

_ 

_ 

_ 

6* 

0.11 

21  00 

2.16 

0.65 

0.32 

18  26 

3.19 

0.66 

0.34 

12:15 

3.15 

0.57 

7 

0.18 

20  16 

2.13 

0.28 

0.22 

18:29 

2.02 

0.34 

— 

_ 

_ 

8* 

0.34 

22  14 

2.16 

0.65 

0.17 

07  54 

2.05 

048 

0.39 

08:23 

2.35 

0.60 

9* 

0.18 

20  18 

2.20 

0.53 

0.31 

18:37 

233 

0.50 

0.51 

00:14 

2.33 

0.55 

10* 

0.11 

17:16 

3.02 

0.38 

0.31 

14:53 

2.90 

1.12 

0.29 

21:54 

2.77 

0.63 

1! 

0.10 

2128 

233 

0.27 

0.03 

02:38 

2.21 

1.19 

_ 

_ 

_ 

12 

0.05 

1045 

266 

0.67 

0.52 

02.34 

2.56 

0.60 

— 

— 

_ 

_ 

13 

— 

— 

— 

— 

— 

— 

— 

— 

0.17 

13:08 

2.93 

0.43 

14 

— 

— 

— 

— 

— 

— 

— 

— 

0.19 

19:28 

2.73 

0.51 

15 

— 

— 

— 

— 

— 

— 

— 

— 

0.21 

13:17 

2.05 

0.78 

Mean 

0.17 

2.34 

0.21 

2.33 

0.28 

2.51 

SD 

0.09 

0.36 

0.14 

0.41 

0.11 

0.42 

MOOD 

"HAPPINESS" 

I* 

0.14 

18:14 

1.77 

0.33 

0.1! 

08:18 

1.88 

0.35 

0.17 

22:22 

1.72 

0.24 

2* 

0.24 

23:36 

2.86 

0.46 

0.12 

16:51 

2.35 

0.45 

0.09 

05:14 

2.24 

0.21 

3* 

0.09 

03:53 

2.60 

0.44 

007 

06:20 

2.60 

0.39 

0.38 

08:12 

2.69 

0.50 

4 

3.22 

23:44 

1.77 

0.47 

0.01 

13:11 

1.64 

0.25 

_ 

— 

_ 

_ 

5 

0.07 

23  53 

246 

0.30 

0.10 

20:08 

2.14 

0.33 

— 

— 

— 

— 

6* 

0.22 

19:16 

2.61 

0.64 

0.31 

20:14 

3.40 

0.64 

0.33 

13:17 

3.23 

0.53 

7 

0.10 

20.34 

2.56 

0.42 

0.09 

07:29 

2.46 

0.45 

— 

— 

— 

_ 

8* 

0.28 

23:00 

2.04 

0.54 

0.04 

07:34 

2.18 

0.40 

0.19 

07:23 

2.50 

0.46 

9* 

0.18 

23  23 

2.29 

0.58 

0.13 

21:20 

2.50 

0.55 

0.36 

00:54 

2.22 

0.63 

10* 

0.07 

19:00 

2.97 

0.29 

0.13 

02:19 

2.67 

0.37 

0.27 

21:11 

2.68 

0.59 

11 

0.08 

21:07 

2.50 

0.26 

0.04 

06:49 

2.38 

0.23 

— 

— 

— 

_ 

12 

0.08 

09.56 

2.56 

0.63 

0.41 

02.53 

2,45 

0.58 

— 

— 

— 

— 

13 

— 

— 

— 

— 

— 

— 

— 

— 

0.02 

10:25 

2.96 

0.28 

14 

— 

— 

— 

— 

— 

— 

— 

— 

0.26 

20:44 

3.12 

0.47 

15 

— 

— 

— 

— 

— 

— 

— 

— 

0.02 

12:23 

2.42 

0.71 

Mean 

0.15 

2.42 

0.13 

2.39 

0.21 

2.58 

SO 

0.08 

0.38 

0.12 

0.44 

0.13 

0.46 
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To  summarize,  the  average  orat  temperature  increased  slightly  (0.22*C)  over  the  course  of  the 
10-week  patrol,  and  the  increase  in  average  temperature  appears  to  have  been  accompanied  by  a  mar¬ 
ginally  significant  Jecrea  se  in  tne.  aopl  i  tude  of  the  daily  variation. 

One  of  the  more  cr'tical  questions  concerns  how  long  a  group-synchron  i  zed  24-h  rhythm  in  oral 
temperature  .urvived  in  this  environment.  The  g roup-mean  -  cos i nor  analysis  (GMCA)  answers  this  ques 
tiori.  A  gro  up- s.nchron  i  zed  rhythm  means  that  a  majority  of  the  members  of  the  group  have  similar 
TCP's  and  comparable  amplitudes.  While  submerged,  the  submarine  environment  lacks  many  of  the 
natural  34-n  zeitgebers.  The  24-h  social  and  (to  a  smaller  extent)  meal-timing  cues  art  present, 
but  they  are  in  competition  with  a  very  strong  zeitgeber  provided  by  the  18-h  watch  routine. 

he  were  unable  to  obtain  a  baseline  observation  of  oral  temperature  rhythm  on  a  24-h  schedule, 
but  the  resu'ts  from  other  studies  (such  as  Nairoh'5;  Haus,  personal  communication;  and  Naitoh,  et 
at.16  provide  a  basis  for  comparison.  A  GMCA  was  performed  on  the  amplitudes  and  acrophase  angles 
of  the  twelve  men  part  1 ci pat ing  in  Phases  1  and  2.  The  results  of  this  analysis  are  given  in  Table 
3  Tne  analysis  of  Phase  3  was  based  on  records  from  ten  subjects. 


TABLE  3  Result*  oi  grouu-mean  oosinor  analysis.* 


PHASE  1 

<4 a  - 1  id) 

PHASE  2  (114  •(}«) 

PHASE  )  *«fd) 

GROUP  SYNCHRONIZED  2Ah  RHYTHM 

Oral  lemptuiuie  <°Cl 

TOP 

20**(I9*'  22**1 

TOP 

1B“(1214  -21**1 

TOP: 

Undefined 

AMP 

0  259(0.144.0.3791 

AMP 

0.144(0.010-0.3191 

AMP: 

Undeiined 

T navel's  Activation 

TOP 

21'*!16**  -23**1 

TOP: 

Undelined 

TOP. 

Undelined 

AMP 

0127(0.021  -0  2351 

AMP. 

Undelined 

AMP 

Undefined 

TOP 

21**417* T  -23**1 

TOP 

Undelined 

TOP: 

Undefined 

AMP 

0.130(0  031  -0235) 

AMP. 

Undelined 

AMP 

Undefined 

Maud  "Have  i«s 

TOP 

22‘*(I81*  - 23**» 

TOP. 

Undeiined 

TOP: 

Undefined 

AMP 

0.10810  023-0195) 

AMP 

Undeiined 

AMP: 

Undelined 

GROUP  SYNCHRONIZED  Ifrh  RHYTHM 

G.'ji  tempetatuie 

TOP 

Undefined 

TOP 

Undefined 

TOP: 

Undefined 

AMP 

Undelmed 

AMP 

Undefined 

AMP: 

Undelined 

Travel's  Acliv3t.cn 

TOP 

Undeiined 

TOP. 

Undeiined 

TOP: 

Undelined 

AMP 

Undelined 

AMP: 

Undeiined 

AMP: 

Unde'ined 

MiJjd  "Ac!iwitv‘‘ 

TOP 

Undeiined 

TOP 

Undelined 

TOP: 

Und  alined 

AMP 

Undelined 

AMP. 

Undefined 

AMP: 

Undefined 

Maud  "Happu^" 

TOP 

Undefined 

TOP: 

23*'(19**-04’*1 

TOP: 

Undefined 

AMP 

Undefined 

AMP: 

0.076(0.013-0.146) 

AMP: 

Undefined 

A  (roup  of  iwwhu  wihouriMn  afowhah  th,  data  far  Rums  1  and  2.  Tan  wbmarinan  pfavidfd  tha  data  lot  fhaaa  3. 
TOP  *  Tm+*1+mk.  AMP  •  AntHiindfol  rhylhm. 

15%  Cwhtoca  Jnttmd 


A  qroup-s ynchron i 2ed  rhythm  of  oral  temperature  was  found  to  persist  among  the  submariners  during 
Phases  1  and  2.  It  was  lost,  however,  during  Phase  3. 

The  average  24-h  oral  temperature  amplitude  for  the  twelve  men  during  Phase  1  was  0.26*C 
(■3.47  F).  Naitoh'^  observed  that  a  group  of  23  young  Navy  recruits  showed  a  24-h  oral  temperature 
amplitude  of  0.50“F  during  a  baseline  period,  which  Is  directly  comparable  to  the  submariners'  data. 
Haus,  however,  found  the  24-h  ora’  temperature  amplitude  was  0.79°F  in  a  group  of  seven  submariners 
studied  during  the  outfitting  period  by  Schaefer  et  al.  This  is  considerably  larger  than  the  am¬ 
plitude  exhibited  by  our  subjects  during  Phase  1.  It  is,  thus,  uncertain  whether  the  24-h  oral 
temperature  amplitude  had  changed  during  Phase  1. 
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During  Phase  I,  the  average  TOP  determined  for  the  24-h  oral  temperature  rhythm  for  twelve 

men  In  this  study  was  20^8,  tilth  a  95T  confidence  Interval  of  193'  to  2283  (see  Table  3).  The 

15  22 

average  TOP  found  by  Naltoh  was  17  .  Haus  found  that  the  average  TOP  of  his  sample  of  seven 

04 

submariners  during  the  baseline  period  was  18  .  A  group  of  73  young  Royal  Navy  ratings  was  re¬ 

ported  to  have  the  average  TOP  at  17*'  (see  Naltoh,  et  al.'8).  Thus,  the  average  TOP  of  the  sub¬ 
mariners  seems  to  have  been  delayed  from  3  to  4  hours. 

During  Phase  2,  a  considerable  weakening  of  the  group-synchron 1 2ed  oral  temperature  rhythm  was 
found.  The  average  TOP  was  at  1816,  well  within  the  95'  confidence  time  boundaries  for  the  above- 
mentioned  reference  groups.  But  the  24-h  oral  temperature  amplitude  was  reduced  to  almost  one- 
half  of  the  amplitude  seen  in  Phase  1,  and  the  width  of  the  951  confidence  Interval  was  9.5-h, 
three  times  that  of  Phase  1, 

The  GHCA  of  the  seven  men  who  participated  In  all  three  Phases  of  this  study  Is  depicted  In 
Figure  4.  Figure  4  shows  three  plexograms  (the  left-hand  side)  and  a  cosinor  plot  (the  right- 
hand  side,  top)  for  this  group  of  seven  men.  As  shown  by  the  cosinor  plot.  Phase  1  data  exhibited 
a  group-synchron 1  ted  24-h  rhythm  in  oral  temperature.  The  confidence  ellipse  for  the  Phase  1  data 
Is  Identified  by  1  In  this  figure.  The  average  TOP  was  at  2057  with  a  95t  confidence  interval  of 
1843  to  2218.  The  plexogram  for  Phase  2  shows  a  dip  around  0400,  suggesting  a  normal  circadian 
rhythm.  But  the  GHCA  failed  to  show  a  significant  group-synchron 1  ted  rhythm  (ellipse  2).  During 
Phase  3.  no  group-synchronlted  24-h  rhythm  for  oral  temperature  was  found. 
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The  cosmor  analysis  Is  a  global  statistical  evaluation  of  the  vectors  defined  by  amplitudes  and 
associated  acroohase  angles.  Hence,  It  doe>  not  test  whether  the  circadian  amplitudes  changed 
independent  of  the  changes  of  acrophase  angles,  or  vice  versa.  The  t*test  was  used  to  test  whether 
the  24-h  oral  temperature  amplitude  changed  significantly  from  one  phase  to  another.  To  test 
whether  the  TOPS  changed  from  one  phase  to  another,  Payleigh's  z  statistic  fBatscr.elet2,3)  was 
used  A  significant  Rayleigh  z  suggests  a  clustering  of  TOPS  for  the  group  of  subjects.  The 
Rayleigh's  :  was  6.38  for  Phase  1,  significant  at  S;  or  better.  For  Phase  2,  z  was  2  ’5  <not  sig¬ 
nificant),  and  z  was  non-s igni f leant  at  0.67  for  Phase  3. 

Thus,  for  these  seven  sen,  loss  of  tne  group-synchronized  24-h  oral  temperature  rhythm  during 
Phase  3  was  due  to  both  an  overall  reduction  in  amplitude  and  a  dispersion  ot  TOPs.  for  Phase  2, 
where  the  grouo-synchronized  2A-h  rhythm  disappeared  for  these  men,  its  loss  was  more  due  to  dis¬ 
persion  of  TOps ;  that  is,  the  peak  oral  temperature  value  of  one  nan  occurred  at  a  time  far  dif¬ 
ferent  from  that  of  another. 

As  noted  earlier,  there  was  nc  doubt  that  the  sleep-wakefulness  cycle  had  been  entrained  by 
the  18-h  watch-standing  schedule.  However,  the  group-mean-cos i nor  analysis  revealed  no  IS-h  rhy¬ 
thm  in  or„i  temperature  during  any  of  the  three  phases  of  this  study  {see  Table  3  and  figure  A, 
the  right-hand  side,  bottom). 

The  group-mean-cosinor  analysis  evaluates  whether  the  group  has  a  common,  synchronized  rhy¬ 
thm,  where  everyone  in  the  group  peaks  at  a  similar  local  tine.  It  will  not  indicate  whether 
individuals  in  the  group  developed  significant  -hythos  that  are  not  in  synchrony  with  e»ch  other. 
Therefore,  the  previous  question  was  rephrased  Old  the  18-h  routine  produce  an  18-h  oral  tem¬ 
perature  rhythm  in  individuals’  To  answer  this  qiestlor,  two  approaches  were  taken.  First,  the 
period  of  the  strongest  single  rhythmic  component  in  each  nan's  oral  temperature  was  determined 
If  the  18-h  activity  cycle  is  a  dom.nant  zettgeber  for  oral  temperature ,  we  would  expect  an  18-h 
rhythmic  component  to  be  the  strongest.  Second,  if  the  18-h  "day"  exercised  some  influence  over 
oral  temperature,  not  as  the  determining  factor  but  perhaps  as  a  significant  modulating  factor, 
then  an  18-h  rhyth"  should  be  selected  as  one  cf  the  two  components  in  the  bisinusoidal  analysis16 

The  results  of  the  search  for  the  strongest  single  rhythmic  component  for  each  of  the  seven 
submariners  are  giver  in  Table  <- 


TABLE  4  Pff KxJ  length  which  produced  the  best  fit  (One-wave  analysts  oi 
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The  strongest  component  is  defined  by  the  largest  r' .  During  Phase  1,  the  period  of  the 
strongest  or  best-fit  rhythnic  component  in  oral  tenp*rature  averaged  25*h  with  an  r?  of  C  21 
This  period  was  significantly  different  froo  18-h.  but  not  fron  ?4-h  Two  sen  (*1  and  *3}  did. 
however,  exhibit  the  Strongest  rhy'hoic  component  at  18-r./cycle  and  17-h/cycle  During  Phase  2, 
the  period  cf  the  strongest  component  at  !8-h/cyc1e  and  17-h/cycle  During  Phase  2,  the  period  of 
the  strongest  component  averaged  ?2-h,  which  was  not  significantly  different  fro*"  either  the  24*h 
or  the  lo-h  cycle  Again,  two  men  {*6  and  *10)  had  the  strongest  rhytho  at  18-h/cy^le  and  lf-h/ 
cycle.  During  Phase  3,  the  period  length  was  s i gn i f i cant l y  different  from  i8-h,  but  not  fron 
2t-h  In  this  Phase,  none  of  the  seven  submariners  showed  the  strongest  rhythm  near  18-h/cyc’e 
It  appears  that  the  18-h  waM.h-standing  schedule  did  not  significantly  alter  the  basic  period  of 
the  oral  temperature  rhytho.  although  the  small  r?  of  0.21  suggests  considerable  irregularity  in 
the  waveform 

Table  5  shows  the  results  of  the  search  for  a  ‘modulating"  effect  o*  18-h  watch- st andi ng 
schedule  on  oral  temperature. 
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TA3LE  5  Two  period*  which  produced  the  bert  fit  (Two  w*v»  «naiy!<s  ot 
«evtn  sufcfiwinm)  -  - 
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,„  phase  I.  four  groups  of  sinusoidal  waves  were  selected-  group  one  h.d  the  Period  length 
near  to  !8-h  (chosen  four  ti.es);  group  t.o  had  Us  period  length  near  to  2*-h  (chosen  five  tines), 
group  three  had  Us  period  near  to  36-h  (chosen  three  tines),  end  group  four  h.d  Us  period  near  to 
48-h  (twice).  The  36-h  period  represents  the  second  hireonlc  of  .  ?2-h  or  3-d  period,  which  is  the 
6JSIC  cycle  In  the  18-h  wetch-stencln,  schedule  That  Is.  regerdless  of  the  local  tine  that  a  nan 
started  his  first  sl.-hou.  watch,  he  will  stand  watch  at  the  sane  local  tine  after  he  conpletes  a 
watenes  (6-h  watch  ♦  12  hours  off  «  «  '  ’2  hours  •  3  days). 

in  Phase  2,  two  groups  of  sinusoidal  waves  were  Host  pronlnent.  Croup  one  had  a  period  length 
close  to  18-h  (chosen  five  tines),  while  group  two  had  a  period  length  ol  appro.lnately  2«-h 
(chosen  five  tines). 

In  Phase  3.  four  groups  of  sinusoidal  waves  -ere  ag  >n  selected  group  one  had  a  period  length 
of  near  18-h  (rhosen  three  tines),  group  two  had  a  period  length  of  near  2«-h  (chosen  st>  tines), 
group  three  h.d  a  period  length  of  close  to  3«-h  (chosen  three  tines),  and  group  four  had  a  period 
length  of  12-h  (twice).  Thirteen  of  the  42  waveforos  given  In  Table  5  fall  in  the  23-23-hour  range 
Eighteen  of  the  renaming  29  see.  to  be  .ore  or  less  r.ndo.ly  distributed  over  the  range  fro.  8- 
h/c  to  21-h/c.  Over  the  three  phases  the  r 2  averaged  a  nodest  39.  These  data  show  disintegra¬ 
tion  of  the  nor.al  24-h  periodicity  In  oral  te.perature .  but  the  superl.posltlon  of  cycles  with  a 
near  18-h  period  is  not  conspicuous,  living  on  the  subnarme  appears  to  disrupt  the  circadian 
rhytho  of  oral  te.perature.  but  these  data  do  not  provide  convincing  evidence.  In  the  for.  of 
peo.ln.nt  18-h  coeponents.  that  the  18-h  routine  Is.  by  Itself,  the  prln.ry  cause  of  this  dls- 
rwptf on. 
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Thayer's  Activation,  Mood  "Activity.*  hood  “Happiness  ■  Tables  2  A  and  2B  give  the  basic 
observations  of  this  study.  The  lower  half  of  Table  2A  shows  the  amplitudes  and  TOPS  of  the  24-h 
component  in  the  TA  scores  of  fifteen  submariners.  Table  2B  gives  the  sane  Information  for  HA  and 
MH. 

There  was  no  significant  difference  between  the  Phase  1  and  Phase  2  data  of  the  twelve  sen 
participating  in  both  Phases  in  terns  of  a  24-h  TA  rhythm  amplitude.  Similarly,  no  significant 
differences  were  found  between  Phase  1  and  Phase  2  in  terms  of  HA  and  MH. 

For  the  seven  men  in  all  three  phases*  there  was  no  significant  change  in  24-h  amplitude  from 
one  Phase  to  another  for  TA,  HA  and  MH.  There  were  also  no  significant  changes  in  the  mean  val¬ 
ues  o*  TA,  HA  and  MH.  Thus,  the  18-h  watch  routine  did  not  appear  to  affect  the  24-h  circadian 
amplitude  of  TA,  HA  and  KH  from  one  part  of  the  patrol  to  another. 

The  group-mean-cosinor  analysis  was  performed  on  the  amplitudes  and  acrcphase  angles  of  the 
twelve  submariners  in  Phase  1  and  Phase  2.  The  results  of  this  analysis  are  presented  in  Table 
3.  A  group-synchronised  24-h  rhythm  was  found  for  TA,  HA,  and  HH  only  during  Phase  1.  The  re¬ 
sults  of  the  GHCA  of  the  seven  men  in  all  three  phases  are  shown  in  Figure  8 


Figure  5 


The  ellipses  In  the  cosinor  plot  ere  drawn  to  show  a  90?  confidence  area  The  GKCAs  of  MA 
and  HK  showed  that  Phase  1  data  did  not  have  a  group-synchronized  24-h  rhythm.  This  evaluation  is 
Inconsistent  with  the  results  of  a  siailar  analysts  applied  to  the  larger  group  of  twelve  men.  dost 
likely  due  to  the  loss  of  statistical  power  resulting  froa  use  of  a  smaller  saaple  For  these 
seven  aen  no  group-synchron i zed  24-h  rhythm  was  found  for  TA,  MA,  or  KH  during  Phases  2  or  3. 

To  test  whether  the  acrophase  angles  changed  froa  one  Phase  to  another,  independent  of  the 
changes  in  amplitudes,  Rayleigh's  z  was  calculated  for  all  three  variables  in  each  Phase  The 
largest  £  was  2.71  ( p< .10}  for  TA  in  Phase  1,  but  it  did  not  reflect  a  significant  concentration 
Of  TOPs  within  a  narrow  tine  interval.  Thus,  loss  of  the  group-syachron i zed  24-h  rhythms  in  TA, 

HA  and  MH  during  Phase?  2  and  3  appears  to  be  due  mainly  to  dispersion  of  the  TOPs. 

The  GMCAs  for  an  18-h  rhythm  in  TA,  MA,  and  MH  revealed  that  there  was  only  one  group- 
synchronized  13-h  rhythm:  MH  during  Phase  2  (see  Table  3). 

The  results  t‘f  a  search  for  the  strongest  rhythmic  component  in  TA  for  eacn  of  the  seven  men 
are  given  in  the  lower  half  of  Table  4.  During  Phase  1,  the  average  period  of  the  strongest  or 
best-fit  rhythmic  component  in  TA  was  25-h,  with  an  r^  of  0.23  This  period  was  not  s  gnif‘cantly 
different  froa  either  24-h  or  18-h,  but  it  was  clearly  closer  to  24-h.  Only  two  men  had  the 
strongest  rhythmic  component  closer  to  18-h  one  with  a  19-h,  and  another  with  *  20-h  cycle.  Dur¬ 
ing  Phase  3,  the  period  of  the  best-fit  rhythmic  component  avraqed  18-h.  This  period  length  was 
not,  however,  significantly  diffeient  from  24-h.  Two  (different)  submariners  had  the  strongest 
rhythm  at  16-h/cycle.  Du-ing  Phase  3  the  best-fitting  period  length  averaged  25-h  with  an  r*  of 
0.28.  This  period  was  significantly  different  from  18-h,.  but  not  from  24-h.  None  of  the  seven 
submariners  showed  the  strongest  rhythm  near  18-h  in  Phase  3. 

Thus,  it  appears  that  the  18-h  watch-standing  schedule  did  not  exercise  a  strong  influence 
over  the  indlviaual's  rhythm  in  TA.  Phase  2  data  came  the  closest  in  showing  18-h/c  as  a  group 
average,  but  close  examination  shows  that  this  18-h  average  Is  misleading,  because  it  was  affected 
by  the  data  from  two  submariners  who  had  12-h  cycles. 

The  lower  half  of  Table  5  shows  the  results  of  a  search  for  a  modulating  effect  of  the  18-h 
watch-standing  schedule  on  the  Tnaye*-  Activation  scale. 

In  Phase  1,  five  groups  of  sinusoidal  waves  could  be  identified,  group  one  had  a  period  of 
8-h  (chosen  twice),  group  two  had  periods  near  ?0-h  (chosen  four  times),  group  three  had  periods 
near  27-h  (chosen  four  times,  group  four  had  a  period  of  36-h  (twice),  and  group  five  had  a  period 
of  48-h  (twice).  In  Phase  2,  three  salr.  groups  of  sinusoidal  waves  could  be  identified,  group  one 
had  a  long  period  length  of  32-h  to  48-h  (chosen  seven  times),  group  two  had  periods  near  24-h 
(chosen  three  times),  group  three  had  periods  near  16-h  (three  times).  In  Phase  3,  three  groups 
of  sinusoidal  waves  could  be  identified’  group  one  near  180h  (six  times),  group  two  near  24-h 
(three  times),  and  group  three  near  36-h  (four  times).  Thus,  the  eighteen-hour  routine  may  have 
played  a  modulating  role  in  the  TA,  especially  during  Phase  3 

Simpson,  lobban  and  Halberg25  investigated  the  relative  strength  of  "nature*  over  "nurture" 
in  rhythmic  components  of  urinary  data.  In  their  study,  the  subjects  lived  and  "nurtured"  under 
a  21 -h  day  for  up  to  7  weeks  duri*g  a  period  of  perpetual  daylight  in  the  Arctic  suseer.  Simpson 
et  al.  anticipated  a  progressive  adaptation  of  the  subjects  to  the  21-h  day  to  be  reflected  by 
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gradual  weakening  of  the  24-h  rhythm  and  the  appearance  of  a  21-h  rhythm  of  progressively  greater 
strength.  For  the  purpose  of  expressing  the  change  in  rhytna,  they  devised  the  circadian  aoplttude 
ratio  (CAR).  This  ratio  Is  obtained  by  dividing  the  amplitude  of  2t-h  rhythm  by  the  amplitude  of 
the  21 • h  rhytho  A  CAR  larger  than  one  represents  a  predominance  cf  “nature's"  rhytho.  whereas  a 
predominance  of  “nurture's*  rhythm  is  indicated  when  the  CAP  is  smaller  than  one. 

In  the  present  study,  a  CAR  was  calculated  for  the  oral  temperature  date  by  dividing  24. h  oral 
temperature  amplitude  by  the  18. h  oral  temperature  aapHtude  In  Phase  1.  the  average  CAR  wjs  1.61 

♦  0  39  (sd).  In  Phase  2,  the  CAR  averaged  1.36  ♦  0.80.  In  Phase  3,  it  was  l  60  ♦  1.02  These 
CARs  did  not  diffe-  Significantly  from  each  other. 

The  CAR  was  also  calculated  for  TA.  Average  CARs  for  Phases  1.  2,  and  3  were  1  32^  0  81  ,  2  03 

♦  1.65,  and  1.82  ♦  0.08  respectively.  Again,  these  did  not  differ  significantly  fron  each  other 

01SCUSSI0N 

In  ©«r  study,  sleep  and  wakefulness  was  found  to  show  a  deadly  shortened  cycle  in  all  three 
ph>ses  of  the  patrol.  Its  average  period  was  18.8  h/cycle,  and  it  could  account  for  an  average 
of  about  705  of  the  total  variarce  in  the  sleep.wakefulness  data  Sone  of  the  subaariners  devel¬ 
oped  two  rhythoic  components  in  the  sleep-wakefulness  or  activity  cycle*  one  rhythm  oscillating 
near  18-h/cycle  and  arjther  near  2$-h/cycle.  the  latter  being  much  weaker  Fo-  a  majority  o#  the 
«en,  an  18-h  watch  routine  entrained  an  18-h  “da/.* 

The  sleep-wekefulness  or  activity  cycle  has  been  shown  to  be  entrained  by  a  variety  of  strong 
zeitgebers.  Five  reports' 2 *' recently  summarized  by  Aschoff'  show  that  the  activity 
cycles  of  human  subjects  may  be  entrained  froa  periods  of  20-h/c  to  30  h/c  under  the  influence  of 
strong  environmental  and  social  zeitgebers.  Our  findings  expand  the  lower  boundary  of  tne  range  of 
entrainment  of  the  activity  cycle  from  20-h/c  down  to  19-n/c.  Sooe  subaariners  also  showed  snail 
but  significant  peak  activity  rhythms  near  the  25-h/cycle.  Whether  this  25-h  cycle  represents  a 
free-running  rhythm  could  not  be  determined  because  the  resolution  (one  hour)  used  for  analysis 
was  not  of  required  precision.  (A  0.1-hour  resolution  was  used  by  Sinpson  and  Colquhoun  et 

More  subaariners  showed  the  secondary  peak  near  25-h/cycle  early  in  the  patrol  during  Phase 
1  six  out  of  eleven  men  exhibited  such  a  peak  As  the  patrol  progressed  in  time  and  the  men  worked 
continuously  under  the  13-h  watch-keeping  systeo,  fewer  showed  the  secondary  peak  near  25-h/cycle 
Ouring  Phase  2,  four  out  of  eight  submariners  exhibited  the  secondary  peek,  while  only  two  out  of 
seven  showed  the  secondary  25-h  peak  during  Phase  3.  This  trend  suggests  tn*t  the  activity  cycle 
would  become  progressively  monorh/thrlc  at  18-h/c  as  the  submariners  continue  to  live  under  the  18-h 
schedule. 

The  impact  of  an  18-h  day  on  the  circadian  rhythm  of  oral  temperature  was  found  to  be  quite 
different  from  that  found  for  the  activity  cycle.  First,  the  18-h  day  eliminated  the  group- 
synchronized  24-h  rhyth*  in  oral  temperature  by  the  *0th  day  of  the  voyage  Schaefer  et  al.*® 
also  observed  that  the  24-h  cycles  *n  physiological  functions,  such  a*  body  temperature,  pulse 
rate,  respiration  rate,  and  blood  p>«vs<Jre,  were  disrupted  among  submariners  by  working  unde*-  an 
18-h  watch-standing  schedule.  In  an  unpublished  analysis  of  data  collected  froa  seven  of  the  men 


studied  by  Schaefer  et  a!..  Haus  {personal  communication)  found  that  the  clear  circadian  rhythn 
Observed  during  the  outfitting  baseline  period  had  disappeared  in  the  early  period  (days  7-17) 
under  the  18-h  routine.  Haus  observed,  however,  that  some  submariners  regained  a  ?4-h  rhythr  in 
body  teaperature  by  days  ?*-41.  In  the  present  *tody,  a  recovery  of  the  group- synchroni zed  ?«-h 
rhythm  in  oral  teaperature  was  not  observed.  Colquhoun  et  al  reported  on  eight  sonar  ratings 
working  4-h  watches  in  a  -apidly  rotating  cycle,  and  found  a  sinilar  effect  on  the  oral  temperature 
cycle  Only  one  of  Co’quhojn's  subjects  did  not  show  a  change  in  the  24-h  body  teaperature  rhythm 
Two  of  his  subjects  experienced  the  disintegration  of  the  normal  24-h  rhythm  into  shorter  periods 
of  4-h  and  8-h. 

In  a  strits  of  pipers,  Sfnpson  et  a  1 ,2' •22-23 ■Zt -2S  exenfned  tie  effects  of  e  21-n  Pay  on 
subjects  spending  their  summer  in  Spitsbergen  (at  latitude  7 8 ° M )  or  on  Devon  Island,  Northwest 
Territory.  Canada  (latitude  75*N).  The  subjects,  eight  ir.  the  Spitsbergen  study  and  five  m  the 
Devon  Island  study,  slept  in  trapper's  huts  or  darkened  tents  in  their  own  community  under  perpet¬ 
ual  daylight.  A  detailed  frequency  analysis  was  performed  on  a  variety  of  urinary  variables  and 
two  performance  measures.  In  these  studies,  1  i  fe  or.  a  21-h  routine  did  not  disrupt  the  24-h 
rhythn  in  the  manner  observed  for  an  18-h  routine,  but  produced  a  rhythm  of  ?l-h/c.  and  another 
rhythm  of  24.2-h/c.  Thus  the  effect  Of  a  21-h  day  on  the  maintenance  of  a  24-h  rhythm  appears  to 
be  much  less  severe  than  that  expected  from  an  18-h  day 

In  the  present  study,  a  decreased  circadian  amplitude  was  observed  in  oral  temperature  as  the 
patrol  continued.  This  result  confirms  the  Schaefer  et  al20  report  of  the  decrease  in  oral  tem¬ 
perature  amplitude  in  five  submariners .  Colquhoun,  et  also  found  a  progressive  flattening 

in  the  mean  amplitude  of  the  body  temperature  rhythm.  Additionally,  Colquhoun,  et  al  noticed  an 
increase  in  the  average  oral  temperature  of  their  subjects  during  the  patrol.  The  present  jtudy 
also  confirms  this  second  observation, 

life  on  an  18-h  routine  also  eliminated  the  qroup-synchronized  24-h  rhythm  in  level  of 
"activation.'  as  well  as  24-h  rhythms  in  Mood  "Activity"  ard  Mood  "Happiness 

Since  the  amplitudes  of  these  psychological  variables  did  not  appear  to  decrease,  loss  of 
the  group  synchronized  24-h  rhythm  was  caused  mainly  by  a  wide  scatter  of  TOPS  Analysis  con¬ 
firmed  that  the  once  tighMy  concentrated  TOPs  scattered  so  that  the  peak  value  of  a  mood  measure 
of  one  individual  occurred  at  a  time  widely  separated  from  the  tine  the  peak  value  was  observed 
for  another.  A  similar  dispersion  of  TOPs  occurred  for  oral  temperature.  This  contributed,  along 
with  the  reduced  amplitudes,  to  the  loss  of  the  group-synchronized  24-h  rhythm  in  oral  temperature 

The  18-h  living  routine  In  this  study  exerted  a  strong  influence  on  the  24-h  rhythms  examined 
it  altered  the  24-h  rhythm  of  the  activity  cycle  end  ertrained  it  to  an  18-s  rhythm  The  18-h 
routine  also  altered  the  24-h  rhythms  in  oral  temperature,  level  of  "activation."  and  two  mood 
scales,  but  failed  to  produce  a  group-synchron i zed  18-h  rhythm  in  oral  temperature  in  any  of  the 
three  phases.  The  group-mean-coslnor  analysis  showed  also  that  the  group-synchronized  18-h  rhy¬ 
thm  did  not  develop  over  the  period  of  prolonged  submergence  in  TA,  MA.  or  MH ,  except  MH  during 
Phase  2  The  finding  of  a  significant  18-h  rhythm  for  MH  during  Phase  2  may  well  have  teen  a 
chance  event,  since  24  Hotelling's  T?,s  (the  cosinor  analysis)  were  calculated  and  evaluated  at 
the  S-  level 
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Kaus  (personal  communication)  reported  that  the  18-h  routine  induced  a  group-synchronized 
18-h  rhythm  in  the  submariners  studied  by  Schaefer,  et  el.  During  the  outfitting  and  up  to  24  -lays 
of  the  underwater  patrol,  there  was  no  significant  J8-h  cycle  in  the  body  temperature  of  Schaefer's 
subjects  However,  a  significant  18-h  conponent  in  body  temperature  was  detected  during  the  period 
from  26  to  41  days. 

The  failure  of  the  18-h  routine  to  entrain  a  simple  18-h  rhythm  does  not  mean  that  the  18-h 
day  had  no  influence  over  individual  submariner's  oral  temperature  and  psychological  states  A 
detailed  individualized  analysis  was  applied  to  oral  temperature  and  TA  data  obtained  from  the 
group  of  seven  submariners.  Results  showed  that  the  18-h  routine  did  not  influence  individuals' 
rhythms  to  the  extent  that  the  ’8-h  component  was  usually  the  strongest  one  present  In  some  indi¬ 
viduals,'  tre  18-h  rhyth»  was  the  strongest,  but  these  men  were  not  a  majority.  As  a  group,  the 
period  of  the  strongest  rhythm  was  closer  to  24- h  than  to  an  18-h.  During  Phase  2,  TA  came  the 
closest  to  showing  a  period  (18-h)  different  from  24  hours  A  c’ose  examination  of  the  data  re¬ 

vealed,  however,  that  the  second  harmonic  of  a  24-h  period  (12-h)  played  a  part  in  bringing  the 
group  average  to  near  18-h/c  (see  Table  5).  Thus,  even  on  individual  analyses,  the  18-h  routine 
did  not  entrain  physiological  and  psychological  functions  to  an  18-h  rhythm. 

The  bismusoidal  (two-wave)  analysis  seemed  to  offer  a  small  amount  of  support  for  the  hypo-, 
thesis  that  the  18-h  mythm  did  exert  some  modulating  influence.  This  analysis  revealed  addi¬ 
tional  rhythms  near  36-h/c  and  48-h/c.  The  36-h  period  is  harmonically  related  to  both  the 
activity  cycle  (18-h)  and  the  basic  period  of  the  watch  rotations  (72-h)  Persistent  24-h  rhy¬ 
thms  were  also  detected  in  some  of  our  subjects.  Thus,  the  submariner,  exhibited  complex  rhythmic 
patterns  which  varied  from  one  individual  to  another,  where  the  major  rhythmic  components  were 
18-,  24-,  and  36-h/c,  and  the  hareooics  and  subharaor ics  of  24-h/c  (8-,  12-,  and  48-h/c).  Similar 
complexity  was  observed  by  Schaefer,  et  al.2®  among  submariners  in  response  to  the  18-h  routine, 
and  also  by  Colquhoun,' et  al.5**  among  subjects  standing  4-h  watches  in  a  rapid  rotation. 

A  circadian  amplitude  ratio  was  calculated  to  see  whether  there  ms  a  progressive  adaptation, 
as  defined  by  Simpson,  et  al.**’  in  the  submariners  during  the  10-weel  submerqence .  The  results 
indicated  a  general  absence  of  such  adaptation  to  the  18-h  routine  Similar  ’ack  of  adaptation 
(perhaps  excepting  a  rhythm  in  water  excretion)  was  observed  by  Simpson,  et  a!.^5  for  subjects  liv¬ 
ing  under  a  21-h  routine  for  up  to  7  weeks. 

Thus,  the  findings  of  this  study  showed  that  the  18-h  routine  did  not  entrain  oral  tempera¬ 
ture,  TA,  or  two  mood  scales.  Aschoff',  in  his  review  of  the  literature,  showed  that  body  tem¬ 
perature  had  a  narrower  range  of  entrainment  tl«n  the  activity  cycle  and  that  it  tended  to  free- 
run  when  a  strong  zeitgeber  was  too  far  away  from  a  24-hour  period  Kleltmann"  had  reported 
earlier  that  an  artificial  12-h  watch-standing  schedule  would  not  entrain  submarine  personnel  to 
a  similar  rhythm.  Thus,  when  the  dominant  zeitgeber  was  20-h/c.  body  temperature  would  tend  to 
free-run  at  approximate' y  2S-h/c.  Whether  the  submariners  in  our  study  did  have  a  free-running 
rhythm  could  not  be  decided. 

Since  the  si eep-wakefglress  cycle  was  entrained  by  the  18-h  routine  but  oral  temperature  and 
psychological  state  were  not,  a  spontaneous  internal  desynchronization^7  nay  be  an  unavoidable 
consequence  of  life  under  the  18-h  watch-standing  schedule.  Simpson,  et  al  -eported  a 
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potential  performance  degradation  of  1SS  or  more  during  the  early  phase  of  life  under  a  2l-h 
routine,  resembling  a  "Jet  lag“  of  3-h.  The  perforrance  tests  examined  by  Simpson  and  others  were 
limited  to  hand-grip  strength  and  eye-hand  coordination  test.  There  is  as  yet  no  definitive  in¬ 
formation  aoout  performance  and  psychological  states  as  they  are  affected  by  chrome  dyschronisn 
due  to  life  under  unusual  temporal  routines. 
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Sample  pag**  of  the  Personal  Activity  log  Activity  Information  *4'  obtained  from  the 
first  five  rows,  where  subnar.ners  these  the  most  appropriate  row  and  drew  a  line  fror 
the  tine  they  started  unt»l  the  time  they  stopped  The  line  was  measured  *o  the  near¬ 
est  1/2  h  The  mood  scales  appear  below  the  graphic  k' >»i’*  iccord 
Aschoff's  bars* 7  representing  twelve  wake-sleep  cycles  of  submariner  \o  14  during 
Phase  1  of  the  patrol.  Waking  ti-e  is  sho«*n  hy  the  black  section  of  each  tai  .  Watches 
are  shown  by,  thickenings  below,  and  ex'rj  du*  v  is  iho»fl  bv  thi.kemrg  above  the  black 
section.  The  white  seitions  represent  sleep  periods  1"n  submariner  had  a  sleep- 
wakefulness  rhythm  of  an  18-h/cycle  (r‘  -  l)  87) 

Three  chronograms  {left-hand  side)  and  three  plexoqrans  (right-hand  side)  of  oral 
g 

temperature.  The  chronograms  display  individual  dj*a  points  as  t'ey  were  observed 
during  the  patrol.  The  ple*ogramsQ  show  not  only  each  data  point  (a  square),  but 
also  two-hourly  neans  as  a  connected  line  starting  fro"  nidnight  in  the  ple*o- 

gi  ams ,  all  observations  made  during  the  period  fro  r  midnight  to  a  n  were  averaged 
and  the  average  shown  as  a  flat  linn  covering  a  two-hou'  period  T*e  broken  lines  in 
the  plexogrjns  shows  the  time  periods  w*>ere  no  observations  we^e  obtaired  !n  *he 
absence  of  data  for  a  two-hour  epoch,  the  mean  value  of  the  two  adiace"*  epochs  was 
plotted.  The  circadian  dip  in  oral  temperature  can  best  be  seen  in  the  Phase  l 
plexogman.  The  data  In  this  figure  was  obtained  from  submariner  \o .  1  of  this  studv 
Plexograms  of  the  oral  temperature  averages  of  the  seven  subjects  who  are  as'erisked 
in  Table  2  are  hown  on  the  left-hand  side  On  t*e  right-hand  side,  the  top  clock 
face"  shows  a  group-nean-cos inor  plot°  of  oral  temperature  'c  each  Pnase  with 
confidence  ellipses,  evaluated  at  24-h/cvcle  Th<  bottom  clock  fact  shews  a  qroup- 
mean-cosmor  plot  of  oral  tenpenture  evaluated  at  the  18-h  cvcle  When  only  seven 
submariners  are  examined  by  the  group-mea n-t os inor  analysis,  as  sip»n  m  this  figure, 
a  significant  group-sync hronl zed  ?4-h  rnythr  is  observed  for  Phase  I  d**j  When  all 
twelve  subftar 1  nor s '  data  are  analysed  in  this  way,  however,  a  significant  group- 
synchronized  ?4-h  rhythr  is  detectable  in  both  Phase  1  and  Phase  .  data  isee  tie  text 
and  Tab’e  3  for  details).  No  group-synchronl zed  IP-h  rhythr  in  oral  temperature  was 
found  in  ary  of  the  three  Phases. 

Plexograms  of  Thayer's  “Activation"  rood  scores  from  seven  men  are  shown  on  'nr  left- 
hand  side.  The  top  “clock  face"  shows  oroup-rean-cosmor  plot  of  >jver's  Activatio 
mood  scores  fer  each  Phase  with  ^0  confidence  ellipses,  evaluated  a*  TS-h/ovc'e.  The 
bottom  clock  face  shows  TA  evaluated  at  18-h/cycle 
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group  of  nuclear  submariners  was  studied  to  examine  whether  an  18-h 
routine  imposed  by  a  watch-standing  schedule  of  6-h  on,  12-h  off  during  a 
prolonged  submerged  patrol  affected  the  24-h  circadian  rhythm  in  oral  tem¬ 
perature,  Thayer's  activation.  Mood  "Activity"  and  Mood  "Happiness."  The 
submariners  were  observed  during  three  sections  of  the  patrol:  Phase  1,  the 
beginning  8-day  period;  Phase  2,  the  middle  of  the  voyage;  and  Phase  3,  the 
last  7-8  day  period  of  the  10-week  voyage.  The  group-synchronized  24-h 
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20.  Abstract  (continued) 


Rhythm  in  oral  temperature  disappeared  during  Phase  3.  The  group- 
synchronized  24-h  rhythms  in  Thayer’s  activation  and  in  Mood  "Activity"  and 
"Happiness"  disappeared  during  Phases  Z  and  3.  A  group  synchronized  18-h 
rhythm  was  not  produced  in  any  of  the  variables  m  any  Phase  of  this  study, 
except  !11!  during  Phase  2.  Periodicity  analysis  of  individuals'  data  showed 
that  a  loss  of  24-h  rhythmic ity  in  oral  temperature  was  due  not  only  to 
reduced  circadian  amplitude  but  also  to  a  dispersion  of  TOPs.  Loss  of  24-h 
rhythm  in  "Activation,"  "Happiness,"  and  "Activity"  was  predominantly  due 
to  a  wider  dispersion  of  TOPs.  The  18-h  routine  did  appear  to  exert  a  small 
modulating  effect  on  rhythmic  activity  in  the  variables  examined  in  this 
study,  _ 

Since  the  sleep-wakefulness  cycle  was  well  entrained  by  the  18-h  rou¬ 
tine,  the  submariners  experienced  a  spontaneous  internal  desynchronization 
between  the  activity  cycle  on  the  one  hand  and  the  cycles  of  oral  tempera¬ 
ture  and  psychological  states  on  the  other.  The  performance  and  health 
consequences  of  this  chronic  desynchronism  have  yet  to  be  explored.  We 
suggest  further  research  to  determine  the  usefulness  of  an  index  of  syn¬ 
chronization  among  the  physiological  and  ps ’chological  variables,  and  the 
relationship  of  the  desynchronizing  effects  to  performance  and  health. 
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